Purpose: To determine the prevalence of Cryptosporidium by age, sex, and duration on antiretroviral therapy (ART) and establish hygienic malpractices that may predispose to infection. Methods: We enrolled 138 HIV/AIDS patients on ART from June to October 2018. Stool samples were collected from study participants, wet saline preparations made and examined, stool samples concentrated using formal ether concentration, and smears stained using the modified Ziehl-Neelsen technique. Structured questionnaires were used to collect demographic data and hygienic malpractices that predisposed study participants to cryptosporidiosis infection. Results: Of 138, 99 (71.7%) were females and 39 (28.7%) males. The age range was 9-69 years and mean age 37 years. The overall prevalence of cryptosporidiosis was three (2.17%). The most affected age-groups were 31-40 years (3.85%) and 21-30 years (3.22%), and only females (3.03%) were affected. The distribution of cryptosporidiosis according to the duration spent on ART showed that those who had spent <1 year on ART were the most affected (11.1%), followed by those who had spent 1-5 years 1 (2.2%), while those patients on ART for 6-10 years were 1 (1.7%) and those on ART for more than 10 years were not affected. There was no significant association between cryptosporidiosis and sex (P=0.272), educational background (P=0.670), handwashing (P=0.853), drinking boiled water (P=0.818), duration on ART (P=0.263), occupation (P=0.836), and age (P=0.723). Conclusion: The prevalence reported in this study is low; however, it is still vital for clinicians to proceed to have cryptosporidiosis as the main differential in HIV/AIDS patients with gastrointestinal infections.
Introduction
Cryptosporidium infection has been reported as one of the most important causes of diarrheal illnesses worldwide, particularly in young children and immunocompromised patients, with a prevalence of 4% in developed countries and three to four times that in developing countries. 1 It is one of the most common causes of diarrhea in immunocompromised patients, leading to significant morbidity and mortality worldwide. 2, 3 The prevalence of cryptosporidiosis is higher in people with immunodeficiency syndromes and diarrheal patients. The disease in immunocompetent persons manifests as self-limiting diarrhea, whereas in the immunosuppressed it manifests as chronic, severe diarrhea that can be fatal. 4 Even patients with advanced AIDS who are on antiretroviral therapy (ART) have been reported to have Cryptosporidium infection. 5 In developed countries, access to highly active ART (HAART) has considerably reduced morbidity and mortality due to cryptosporidiosis. 6 Nonetheless, cryptosporidiosis remains a key threat to AIDS patients who do not have access to HAART, particularly in developing countries. 7 Though the introduction of HAART has substantially reduced the risk of suffering from an opportunistic infection, 8 HIV-positive patients in resource-poor settings continue to suffer from opportunistic infections due to several factors, including late HIV diagnosis, suboptimal HAART use, poor treatment adherence, drug resistance, poverty, poor nutrition, and high exposure to infectious agents. 9 Various risk factors, such as using contaminated drinking water and exposure to animals, have been reported to be associated with the gastrointestinal infection. 10 The rise of drug-resistant HIV variants and failure or discontinuation of ART has been associated with reemergence of Cryptosporidium infection in these patients.
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A Uganda population-based HIV-impact assessment 12 indicated that the total number of adults and children of all ages living with HIV in Uganda was estimated to be approximately 1.3 million (6%). The majority of these patients live in rural areas, where access to treatment is verydifficult, and this may put these HIV/AIDS patients at risk of acquiring opportunistic infections, including cryptosporidiosis. The purpose of this study was to provide fresh insight into the prevalence of cryptosporidiosis and hygiene practices in HIV/AIDS patients attending the ART clinic at Mbarara Municipal Council Health Centre IV in southwest Uganda.
Methods

Study area and design
The study was carried out at Mbarara Municipal Council Health Centre IV in southwest Uganda. The center is located in Mbarara municipality, and is 238 km from the capital city -Kampala. It offers several outpatient services to the population of the municipality, including an ART clinic that attends to HIV/AIDS patients, voluntary testing and counseling, voluntary medical circumcision, tuberculosis treatment, elimination of mother-to-child HIV transmission, sex-and gender-based violence services, and family planning.
This was a cross sectional study carried out from June to October 2017 to determine the prevalence of cryptosporidiosis and hygiene practices among HIV/AIDS patients accessing ART at the health center. All HIV/ AIDS patients who were included in the study and consented were briefed on the intentions and objectives of the study. A nonprobability simple random-sampling technique was used to recruit study participants. The sample size of 138 for this study was calculated by a statistical formula based on a 10%-prevalence study 13 to have 80% power with 95% confidence-estimate precision of~5%. A total of 138 stool samples were collected from consenting HIV-positive patients accessing ART at the health center. A structured questionnaire was used to obtain patients' hygiene practices (handwashing after using the toilet and before eating, drinking boiled water, duration on ART, and demographic characteristics like age, sex, level of education, and occupation). Stool samples were collected in sterile stool containers by study participants and transferred immediately to the internal medicine ward laboratory for analysis.
Samples were examined macroscopically and microscopically for any other intestinal parasites, concentrated using formal ether concentration, smears made from the deposits, air-dried at room temperature, fixed using absolute methanol for 1 minute, and stained using the modified Ziehl-Neelsen technique. Microscopic examination of each smear was done using 100× oil immersion, and approximately 200-300 microscopic fields were examined for the presence of Cryptosporidium oocysts.
Data entry and analysis
Data collected were entered in Excel spreadsheets and then exported to Stata version 12 for analysis. Descriptive demographic data are summarized as frequency and percentages. The proportion of those infected with Cryptosporidium was analyzed on the basis of sex, agegroup, and duration on ART, and χ 2 was used to determine the association between disease (cryptosporidiosis) and patient characteristics. P<0.05 was considered significant.
Consent
The authors confirm that all study participants were adequately informed of the aims of the study and voluntarily provided written informed consent for their details to be used in this study. Those aged <18 years had assent provided by their parents. They were also informed of the right to refuse to participate in the study or withdraw consent to participate at any time without reprisal. We also ensured that all patient-identifying information/data were anonymized, and only code numbers were used for matter of confidentiality.
Ethical approval
This study was approved by the Faculty Research Committee of Mbarara University of Science and Technology, Uganda.
Results
Sociodemographic characteristics of study participants
Of the 138 study participants, 96 (71.1%) were female and 39 (29%) male. The mean age was 37.1 years, and age distribution was 1-10 years 1.5%, 11-21 years 1.5%, 22-32 years 22%, 33-43 years 37%, and >43 years 38%. According to occupation, 78 (57.8%) were peasants, 36 (26.7%) businessmen and -women, and others 15.7%. The majority (57.2%) had stopped education at the primary level, followed by those with secondary education (24.6%) and tertiary/university 4.3%, while 13.8 % were unable to read ( Table 1) .
Prevalence of cryptosporidiosis
Cryptosporidium spp. and Cystoisospora belli were the only coccidia detected. The overall prevalence of Cryptosporidium spp. was three (2.17%) and C. belli one (0.72%). Other intestinal parasites detected were one each (0.72%) of Giardia lamblia, hookworm, Ascaris lumbricoides, and Schistosoma mansoni. The most affected agegroups were 31-40 years (3.85%) and 21-30 years (3.22%), and only females were affected (3.03%). The distribution of cryptosporidiosis according to duration of ART showed that those with <1 year on ART were the most affected (11.1%), followed by 1-5 years (2.2%), while those with ≥10 years ART were not affected.
Association between HIV/AIDS patients' hygiene practices and Cryptosporidium infection
Hygiene practices that were assessed using structured questionnaires were handwashing after use of the toilet and before eating, drinking boiled water, duration on ART, and demographic characteristics like, age, sex, and occupation. There was no significant association observed between Cryptosporidium and hygiene practices (handwashing χ 
Discussion
The prevalence of cryptosporidiosis in HIV/AIDS patients attending the ART clinic at the Mbarara Municipal Council Health Centre IV was three (2.17%), lower than a study carried out in Bushenyi (16.2%). 13 It is lower still than that obtained from a similar study done in Kinshasa (5.4%) 14 and one in
Iran. 15 This difference may be accounted for by the fact that in the latter study, a relatively large proportion (39%) were not on ART, whereas in our study all patients were on ART. Research has shown that the use of ART reduces the prevalence of the disease in AIDS patients.
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This study still disagreed with a similar one done 16 in Kenya (prevalence 10% on microscopy and 34% on PCR), and it was not comparable either with a study in Ethiopia (26.9%). 17 This disparity may be attributed to the more sensitive technique used (PCR) to detect infection with Cryptosporidium compared to our study, where only microscopy was used, and a larger sample in both the Kenyan and Ethiopian studies. However, the disparity in microscopy results may be attributed to our smaller sample. 16 The prevalence obtained from this study (2.17%) contrasts with comparable studies in African countries, which yielded prevalence of 3.6% in Uganda and 34.1% in Kenya in HIV-positive patients. 18 These higher values were attributed to poor hygiene, ie, eating unwashed or raw fruit and drinking underground or tap water. However, it is comparable with a similar study from the AIDS Support Organization (TASO) in Uganda, with 3.3% prevalence. 19 The lower prevalence obtained in our study may have been due to a higher proportion of participants practicing good hygiene, ie, handwashing (90.6%) and drinking boiled water (88.4%). Nevertheless, our results showed no statistical significance between cryptosporidiosis and participant hygiene practices compared to the above study, this may be attributed to a small sample size used in our study. The prevalence of cryptosporidiosis was highest among participants aged 31-40 years, followed by the age-group 21-30 years. This is similar to results obtained in the TASO study, where infection rates among HIV-positive patients were higher among patients aged 30-39 years, 19 but differs from the study in Bushenyi, with high prevalence seen among those aged 25-34 years, with 52.9% prevalence. 20 This higher prevalence may be attributed to poor personal hygiene and lack of sanitation services like accommodation, toilets, bathrooms, and clean water, domestic animal keeping, and contaminated soil. Participants were predominantly peasants with similar occupations, cultural traditions, and living conditions. Prevalence was still higher among females (3.03%) compared to males (0), as was the case in the study in Bushenyi, 13 though different from the TASO study, which showed equal distribution of cryptosporidiosis prevalence by sex, with females 3.8% and males 3.5%. 19 This was possibly because more participants were female (n=16,519) than male (n=7,848). The prevalence of cryptosporidium by duration on ART among the study participants was 2.2% among those who had been a year on ART, 1.7% among those who had been on ART >3 years, and 0 among those who had spent >10 years on ART. This finding is comparable with another study in Uganda, where the prevalence dropped from 3.6% to 1.2% among HIV patients in their early period on ART and those who had been on ART >3 years. This study further endorses prior reports that increased vulnerability of HIV-seropositive individuals to parasitic infections is associated with CD4 + T-cell counts <200 cells/mm. 3 With increased D4 + T-cell count, spontaneous clearing of the parasites take place. 21 Our study revealed no statistical significance between cryptosporidiosis and sociodemographic or epidemiological characteristics of the participants (age, sex, education level, occupation, handwashing, drinking boiled water, and duration on ART), comparable with a study in Kenya. 16 Other intestinal parasitic and protozoan infections found were G. lamblia, hookworm, A. lumbricoides, and S. mansoni. Both protozoa and intestinal helminthes have been commonly associated with abdominal distention, vomiting, and weight loss in children and HIV individuals.
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Conclusion
The prevalence of cryptosporidiosis among HIV/AIDS patients attending the ART clinic at Mbarara Municipal Council Health Center IV was low compared to other similar studies done within Uganda. However, further research should be done with a bigger sample to draw conclusions. Modified Ziehl-Neelsen staining and wet saline preparation for stools of HIV/AIDS patients with diarrhea is recommended to rule out coccidia spp. and other intestinal parasites that cause diarrhea.
